There are several epidemiologic studies dealing with the relationship between caffeine and osteoporosis in women (Yano et al., 1985; Kiel et aL, 1990 ; Barrett-Connor et aL, 1994) . Parathyroid cells are mainly responsible for the control of calcium homeostasis by secretion of parathyroid hormone (PTH) in mammals. Secretory activity is inversely related to extracellular Ca++ and Mg++ (Sherwood et al., 1970; Brunner et aL, 1992) . Caffeine may adversely effect parathyroid, either directly or indirectly which in turn might lead to osteoporosis. An association between caffeine intake and osteoporosis may be explained by the fact that caffeine increases urinary calcium losses (Massey and Wise, 1984; Bergman et aL, 1990 ) and may produce a negative calcium balance.
The present study was undertaken to answer the question of whether there are any ultrastructural changes in the parathyroid glands, short-time after oral doses of caffeine.
Materials and Methods

Animals
A total number of 30 adult, female hamsters were used. Hamsters were 3 months old and approximately 160 g and were divided into 2 groups of 15 animals each. In each group 5 animals were served as controls drinking 0.5 m1/100 g body weight distilled water (DW), 5 animals received 2.5 mg/100 g body weight caffeine in 0.5 ml DW and 5 animals received 10 mg/100 g body weight caffeine in 0.5 ml DW orally. The caffeine used was obtained from the Kishida chemical Co. (Osaka, Japan). The amount of caffeine used in the present experiment is equivalent to 340 mg and 1360 mg/70 kg" respectively in humans, when conversion is based on the metabolic body weight (kg"), (Kleiber, 1961) . The animals of each group containing 15 hamsters were sacrificed 0.5 and 2 hours after receiving caffeine respectively.
Serum Calcium Measurement
The animals were anesthetized with sodium
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pentobarbital and 3 ml samples of cardiac blood were withdrawn into heparinized syringes for analysis. All samples were centrifuged at 3000x for 10 minutes to obtain plasma fractions. The serum calcium concentration was determined using a 940 Corning calcium analyzer.
Transmission Electron Microscopy of Parathyroid
The parathyroid glands were removed and immersed in a mixture of 2.5% glutaraldehyde and 2% osmium tetroxide in Millonig's buffer at pH 7.4 for 1 hour, dehydrated through ascending concentrations of acetone and embedded in Epon 812. Thin sections were cut on Porter-Blum MT-1 ultramicrotome, mounted on 200 mesh grids, stained with uranyl acetate and lead salts, and examined with a Hitachi H-800 electron microscope at 100 kV. From the parathyroid glands of each animal 20 medium-power (x 6000) electron micrographs were taken at random and enlarged at a final magnification of 22000. The total number of micrographs analyzed was 600.
The areas of cytoplasm, cisternae of the RER, mitochondria, Golgi complexes, secretory granules, lysosomes and large vacuolar bodies were determined using an image measuring system (Finetec).
BMC and BMD of the Whole Body
The BMC and BMD of the whole body were measured for each group of animals. The measurements were done by (DXA) Dual Energy X-ray Absorptiometry (Toyo Medic QDR Type 2000) on the same day of experiment after sacrificing.
Statistics
All of variance data were presented as the mean ± SEM. One way analysis of variance data (ANOVA) was used to detect significant differences among the means in each group containing 15 animals. Fisher's protected least significant difference comparison test was used to determine differences between pairs of mean. Significance was accepted at p < 0.05.
Results
Serum Calcium Level
The mean serum calcium levels (mg/100 ml) of the control and caffeine-treated groups are shown in the Table 1 . The serum calcium concentration of hamsters 2 hours after high dose administration of caffeine was significantly decreased when compared with the controls.
BMC and BMD of the Whole Body Table 1 sets out the mean values for BMC (g) and BMD (g/cm2) of the whole body.
There were no significant differences between the controls and caffeine-treated animals regarding to these values.
Fine Structure of the Parathyroid Gland Table 2 sets out the mean values for volume density of cell components. The description of the ultrastructure of the control hamster's parathyroid glands given in this paper agrees with previous reports ; Chen et aL, 1999), (Fig. 1) . Parathyroid glands of the controls and of caffeinetreated hamsters comprised cells of similar shape and electron density of the cytoplasmic matrix. The volume density of the Golgi complexes associated with some prosecretory granules was estimated to be significantly elevated in the high dose caffeinetreated group after 2 hours (Fig. 2) . Cisternae of the RER were sometimes arranged in parallel arrays, distributed in the cytoplasm (Fig. 1) . The significant increment of RER was seen 2 hours after high dose caffeine administration comparing to the controls (Fig. 2) . Secretory granules varied from round to rod-shaped and measured from 150 to 350 .nm in diameter (Fig. 1) . Large secretory granules, 350-600 nm in dimeter, showed lower electron density than the secretory granules. Large Table 1 . Serum calcium (mg/100 ml), BMC (g) and BMD (g/cm2) of the whole body
The values are mean ± SEM. *: significantly different from control group (P < 0.05). vacuolar bodies of 350-750 nm in diameter, were sometimes observed in the cytoplasm. There were no significant differences among the 6 groups concerning the secretory granules and large vacuolar bodies. Transitional forms between large secretory granules and large vacuolar bodies were present. Lysosomes were sometimes seen in the cytoplasm.
Discussion
Caffeine is known to increase urinary loss of calcium. It has been reported that total urine output of water, calcium and magnesium increased in 2 hours, following caffeine ingestion when compared to the control beverage in adult women (Bergman et al., 1990 ). According to their study, increased urinary losses of calcium and magnesium arise from significantly reduced percent tubular reabsorption of these 2 minerals. In our study a significant decrease of serum calcium level 2 hours after high dose caffeine administration was observed. It could be due to the dose dependent hypercalciuric effect of caffeine (Heaney and Recker, 1982) .
It is known that the PT secretory is mainly controlled by serum calcium level via a negative feedback mechanism. Synthesis of polypeptides is in the RER followed by their transport via the vesicles to the Golgi region. Then the secretory proteins are packed into membrane-bounded granules which are released into the extracellular fluid (Wild and Setoguti, 1995).
The ultrastructural indications of parathyroid gland activity include an increase in volume densities occupied by RER, Golgi complexes and mitochondria. All these features can be used as indicators of increased protein synthesis ). Isono and Shoumura (1973) reported that following injection of leucine-3H most of the radioautographic grains reached the RER and Golgi complexes after 15 and 30 minutes respectively. The grains were seen in the secretory granules and lipofusin-like bodies at 60 minutes, and at 120 minutes were found in intracellular spaces. In our experiments the time duration was long enough to show the significant increase of RER and Golgi complexes after 2 hours of oral dose of caffeine. We think that the PTH synthesis had been in the beginning of it's pathway when the PT gland fixation procedure was started. This is why the expected increase in percent of the secretory granules close to the cell membrane (shoumura et aL , 1989) or the significant decrease in the volume density of vacuolar bodies (Emura et aL , 1997) are not found in our results.
Unfortunately, demonstration of PTH concentration level in hamsters using radioimmunoassay methods has not been possible so far.
No significant differences were found regarding the BMC and BMD of caffeine-treated animals compared with controls. There are studies in agreement with our results (Lloyd et al. , 1991) . Although the lifetime caffeine intake seems to be associated with decreased bone density in older women (Barrett-Connor et al., 1994).
We conclude that short-term oral doses of caffeine results in changes of the morphometric parameters of parathyroid glands. The osteoporotic changes were not seen in this study. and Golgi complexes (G) associated with many prosecretory granules (arrows) are seen. x22,000
